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DCV病毒(drosophila C virus，果蝇 C病毒)是一种单链正向无包膜的 RNA病
毒，类似于脊椎动物小 RNA病毒，是模式生物果蝇中普遍存在的一种病毒，约
由 9 300个核苷酸组成。研究表明出生后 20个小时龄期果蝇的卵对 DCV病毒非
常敏感，同时成体果蝇显微注射 DCV病毒到其体液中 3~4天死亡率提高。 
本实验采用高滴度 DCV病毒及化学诱变剂 EMS，对来自 Bloomington Stock 
Center的果蝇株 6599进行累积筛选。首先对 11 000多只 20小时龄期的果蝇的卵


























Drosophila as a very active model organism has played very important roles in 
the development of the life sciences in the 20th century, such as in Genetics, 
developmental studies of gene regulation, various types of neurological diseases, 
Parkinson's disease, Alzheimer's disease, drug addiction and alcoholism, aging and 
longevity, learning and memory and some cognitive behavior research. In 2000, the 
completion of Drosophila whole genome sequencing propelled the study of 
Drosophila into a new stage. 
DCV virus (Drosophila C virus), a non-enveloped positive single-stranded RNA 
viruses similar to the vertebrate small RNA virus, is a virus prevalent in the model 
organism Drosophila melanogaster, and has 9 300 Nucleotides. Studies show that 20h 
after birth, eggs of Drosophila melanogaster are very sensitive to the high titer DCV 
virus, and when DCV virus were microinjected to the body fluids of adult flies, 
mortality will also increase after 3~4d of the microinjection. 
In this study, high titer DCV virus and chemical mutagen EMS 
(Ethylmethanesulfonate) were used for cumulative screen of the Drosophila line No. 
6599, from the Bloomington Stock Center. First, screen for more than 11 000 No.6599 
Drosophila eggs, which were all 20h old; the survival ones expended, and in third 
generations, more than 3 000 male flies were screened with EMS, survival ones 
crossed with virgin flies. Expendened their numbers, then treated these mutations with 
another round screen by feeding them with high titer DCV virus. 
After the above experimental procedures we got three Drosophila lines resistant 
to DCV virus, number I24, I36 and J49, as well as several other lines relatively 
resistant to DCV virus. We will further purify these Drosophila lines in the next step, 
and then test these line of Drosophila with high-throughput genomic sequencing, then 
finally compared with the Drosophila control group’s gnome, and analysis the 
difference, and then to further discover and confirm the gene and/or pathway which 
lead Drosophila resistant to DCV virus. The research provides ideas and examples, for 
further research and discoveries of the novel antiviral genes and/or pathways in 
mammals. 
















摘 要 ............................................................................................. III 
ABSTRACT ....................................................................................IV 
CONTENTS ..................................................................................VIII 
1. 前 言 ...................................................................................... 1 
1.1. 果蝇.......................................................1 
1.1.1.  果蝇概述..........................................................................................................1 
1.1.2.  果蝇的基因组简介...........................................................................................2 
1.1.3.  果蝇作为实验动物的优点 ...............................................................................3 
1.1.4.  研究果蝇价值 ..................................................................................................3 
1.1.5.  果蝇的先天免疫系统.......................................................................................4 
1.2. 果蝇病毒简介...............................................6 
1.2.1.  Sigma病毒 .......................................................................................................6 
1.2.2.  DCV病毒 ..........................................................................................................6 
1.3.  果蝇中抗病毒通路............................................7 
1.3.1.  RNA干扰..........................................................................................................7 
1.3.2.  Jak/stat通路 ....................................................................................................9 
1.4.  累积突变简介...............................................13 
1.4.1.  分子生物学之前的累积突变简介.................................................................. 13 
1.4.2.  分子生物学出现后的累积突变 ..................................................................... 14 
1.5.  诱变剂简介.................................................14 
1.5.1. 物理诱变.......................................................................................................... 15 
1.5.2.  化学诱变........................................................................................................ 16 
1.5.3.  空间技术诱变 ................................................................................................ 19 
1.5.4.  复合诱变........................................................................................................ 20 
1.5.5.  果蝇中常用的突变剂..................................................................................... 20 
1.6.  全基因组测序简介...........................................23 
1.6.1.  第一代桑格（Sanger）法 .............................................................................. 24 
1.6.2.  第二代高通量测序法..................................................................................... 25 
1.6.3.  第三代高通量测序法..................................................................................... 32 














1.6.5.  三代测序技术/平台对比 ............................................................................... 37 
1.7.  立题背景...................................................37 
2 材料和方法 ............................................................................... 40 
2.1 实验材料....................................................40 
2.1.1 实验动物果蝇 ................................................................................................. 40 
2.1.2 实验细胞 S2细胞............................................................................................ 40 
2.2 常用药品和试剂..............................................40 
2.2.1 药品和试剂 ..................................................................................................... 40 
2.2.2 果蝇食物成份 ................................................................................................. 41 
2.3 实验方法....................................................41 
2.3.1 果蝇饲养......................................................................................................... 41 
2.3.2 果蝇食物配制方法(1 L)................................................................................... 41 
2.3.3 大规模筛选收集果蝇卵的方法 ...................................................................... 42 
2.3.4  S2细胞中制备 DCV病毒 ................................................................................ 42 
2.2.5 S2细胞中制备 DCV病毒滴度测定 ................................................................. 43 
2.3.6 在活体果蝇中制备高滴度 DCV病毒方法 ...................................................... 43 
2.3.7 EMS溶液的配制 ............................................................................................. 44 
2.3.8 活体果蝇中制备的高滴度 DCV内病毒的Western Blot检测 ........................ 44 
2.3.9 高滴度 DCV病毒感染果蝇卵 ......................................................................... 46 
2.3.10 EMS处理成体果蝇 ....................................................................................... 46 
3 实验结果与讨论 ........................................................................ 48 
3.1 筛选结果与讨论..............................................48 
3.1.1.  6599果蝇果蝇抗 DCV病毒的预实验 ............................................................ 48 
3.1.2.  6599果蝇果蝇卵抗 DCV病毒的预实验 ........................................................ 48 
3.1.3.  6599果蝇株高滴度 DCV第一步筛选结果 .................................................... 50 
3.1.4.  6599果蝇株 EMS处理结果 ........................................................................... 52 
3.1.5.  6599果蝇株高滴度 DCV第二步.................................................................... 55 
3.1.6.  6599高滴度 DCV第三步 ............................................................................... 58 
3.2 其它结果与讨论..............................................60 
3.2.1.  S2细胞中制备的 DCV病毒的滴度测定 ........................................................ 60 
















附录一： 中英文缩略词对照表...................................................... 66 
附录二：图索引 ............................................................................. 71 
附录二：表索引 ............................................................................. 73 
参考文献 ........................................................................................ 74 

















ABSTRACT (IN CHINESE) ··················································································I 
ABSTRACT (IN ENGLISH) ················································································ II 
CONTENTS (IN CHINESE) ···············································································IV 
CONTENTS (IN ENGLISH) ············································································· VII 
1 Introduction ··············································································1 
1.1. Drosophila ··············································································································· 1 
1.1.1 Introduction about Drosophila ············································································· 2 
1.1.2. Introduction about Drosophila Genome···························································· 2 
1.1.3. The advantages of Drosophila as model organism··········································· 3 
1.1.4. The value on studying the Drosophila ································································ 3 
1.1.5. Drosophila innate immune system ····································································· 3 
1.2. Drosophila Viruses···································································································· 6 
1.2.1. Sigma Virus ············································································································ 6 
1.2.2. DCV························································································································· 6 
1.3. Anti-virus pathway in Drosophila ·········································································· 7 
1.3.1. RNAi························································································································ 7 
1.3.2. Jak-Stat pathway··································································································· 8 
1.4. About accumulated mutations·············································································· 13 
1.4.1 Before Molecular Biology ··················································································· 13 
1.4.2. After Molecular Biology ····················································································· 14 
1.5 About mutagen········································································································· 14 
1.5.1. Physical mutagens······························································································· 15 
1.5.2. Chemical mutagens····························································································· 16 
1.5.3. Mutagens of space technology··········································································· 19 
1.5.4. Compound mutation··························································································· 20 
1.5.5. Mutagen commonly used in Drosophila··························································· 20 
1.6. About Genome Sequencing··················································································· 23 















1.6.2. Second Generation of Sequencing···································································· 25 
1.6.3. Third Generation of Sequencing ······································································ 32 
1.6.4. The advantages of Third Generation of Sequencing ····································· 36 
1.6.5. The comparison of the Three generations of sequencing technology ······· 37 
1.7. Research purpose ··································································································· 38 
2 Materials and Methods··························································································· 40 
2.1. Materials ·················································································································· 40 
2.1.1. Experimental Drosophila ··················································································· 40 
2.1.2. S2 Cell ··················································································································· 40 
2.2. Commonly used drugs and reagents ··································································· 40 
2.2.1. Drugs and reagents ····························································································· 40 
2.1.2. Drosophila Food··································································································· 41 
2.3. Experimental Methods ·························································································· 41 
2.3.1. Culture Drosophila ······························································································ 41 
2.3.2. Drosophila food recipes ······················································································ 41 
2.3.3. Method of Collection a large-scale Drosophila egg········································ 42 
2.3.4. The preparation DCV virus in S2 cell······························································ 42 
2.3.5. The titer of DCV virus cultured in S2 cells ··················································· 43 
2.3.6. Drosophila in vivo preparation of high titer DCV virus ······························· 43 
2.3.7. EMS solution preparation ················································································· 44 
2.3.8. Western Blot test the DCV Virus ···································································· 44 
2.3.9. High titer DCV Virus infected Drosophila eggs·············································· 46 
2.3.10. EMS treated the adult Drosophila ································································ 46 
3 Results & Discussion·································································································· 48 
3.1. Screening results and discussion·········································································· 48 
3.1.1. 6599 Drosophila anti-virus DCV Virus pre-experimental ·························· 48 
3.1.2. 6599 Drosophila eggs anti-virus DCV Virus pre-experimental ·················· 49 
3.1.3. 6599 Drosophila first step high titer DCV screening results························· 50 
3.1.4. 6599 Drosophila EMS treatment results·························································· 52 
3.1.5. 6599 Drosophila second step high titer DCV screening results ···················· 55 
3.1.6. 6599 Drosophila third step high titer DCV screening results······················· 58 
3.2. Other results and discussion················································································· 60 
3.2.1. The titer of DCV virus prepared S2 cells ························································ 60 















3.3. Summary and Discussion······················································································ 64 
APPENDIX 1: Abbreviations Table············································································ 66 
APPENDIX 2: LIST OF FIGURES AND TABLES················································· 71 










































1. 前 言 











1.1.1.  果蝇概述 
果蝇英文俗名 fruit fly 或 vinegar fly，在分类地位上属于节肢动物门
(Arthropoda)、昆虫纲(Insecta)、双翅目(Diptera)、果蝇科(Drosophilidae)、果蝇属







龄期(2 天)，二龄期(3 天)，三龄期(4~5 天)，三龄期后开始爬壁，雌性果蝇羽化













































们分别是 D. sechellia，D. simulans，D. yakuba，D. erecta，D. ananassae，D. 
persimilis，D. willistoni，D. mojavensis，D. virilis和 D. grimshawi。 
黑腹果蝇有 3 对常染色体和一对 X/Y 染色体：每条染色体分为左右臂
(L/R arm)，整个染色体组被标记为 102个区段，即X(1~20)、2L(21~40)、2R(41~60)、
3L(61~80)、3R(81~100)、和 4(101~102)。基因组大小为 1.8亿 bp左右，基因个
数 14 000左右[1][2]。 













































和 Metchnikowin 负责抵抗真菌，Defensin 抵御革兰氏阳性菌，而 Attacins、
Cecropins、Drosocin和 Diptericins则抵御革兰氏阴性菌[5]，这些抗菌肽基因的表
达主要是由 Toll和 Imd这两条信号转导通路调控的(图 1.2)[6]。 
1.1.5.1.  果蝇中的Toll通路简介 
Toll蛋白最早是研究果蝇胚胎发育中背腹极性的形成时发现的，后来又发现
Toll 蛋白与免疫应答有关 [7]。Toll 信号通路的主要成分包括胞外细胞因子
Spatzle(与神经生长因子 NGF 结构上类似)、Spatzle 加工酶(Spatzle processing 
enzyme，SPZ)、跨膜受体 Toll、衔接蛋白 Tube和 dMyD88、丝氨酸-苏氨酸激酶
Pelle、锚蛋白 Cactus 以及转录激活因子 Dorsal 和 Dif(Dorsal-related immunity 
factor)。发生真菌或革兰氏阳性菌感染时，SPE首先被激活，水解 Spatzle，Spatzle
的裂解产物与 Toll 结合，使其在膜上二聚化，活化的 Toll 受体可以招募三种含
有死亡结构域(death domain，DD)的胞内蛋白 Tube、dMyD88和 Pelle，形成复合
体，使得 Cactus被磷酸化，并被蛋白酶体降解，Dorsal和 Dif随之被释放，进入
细胞核，启动抗菌肽的表达。人体 Toll蛋白的同源物于 1997年被克隆出来，称
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